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Influence of Environmental Variables on Survival Rates of Pronghorn (Antilocapra 
americana) Neonates Across Idaho 
 
by 
Brett R. Panting, Master of Science 
Utah State University, 2018 
Major Professor: Dr. Eric M. Gese 
Department: Wildland Resources 
Neonatal survival in ungulates is one of several factors that can limit population 
growth. We examined whether neonatal survival might be limiting antelope populations 
in Idaho by estimating survival rates of fawns along a gradient of environmental 
variables.  
We radio-collared pronghorn neonates (n = 217) in three distinct study sites 
across Idaho during 2015 and 2016. We determined the relative abundance of predators 
and alternative prey in all three study areas. We also examined variables (NDVI, fecal 
nitrogen, diaminopimelic acid) that can serve as surrogates of habitat quality and their 
influence on nutritional condition of does, and therefore fawn survival. We used Program 
MARK with known fates models to determine survival rates for 8 bi-weekly intervals.  
Mean annual fawn survival across years and study sites was 0.42 (SE = 0.04). The 
leading cause of mortality was coyote (Canis latrans) predation at 58% over both years. 
We found no significant effect in the index of predator abundance on fawn survival, but 
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we did find a significant effect of alternative prey with the index of lagomorph abundance 
having a buffering effect on neonatal survival (i.e., higher lagomorph abundance was 
related to higher neonate survival). We found no influence of measures of NDVI on fawn 
survival. We found a significant influence of doe nutrition (as measured by fecal DAPA 
values) on fawn survival with higher DAPA values related to higher fawn survival. Our 
top model contained 3 variables: body mass index (BMI), lagomorph abundance, and 
DAPA (diaminopimelic acid), with the top model accounting for 84.3% of the model 
weights. 
Pronghorn fawns born with a higher BMI have an increased chance of survival. 
Pronghorn does generally have bigger fawns with increased nutrition, therefore BMI is 
likely correlated to better habitat quality. DAPA, which also appeared in our top model, 
can likewise be linked to habitat quality. High lagomorph abundance could be related to 
both better quality habitat creating high rabbit densities, which in turn creates a large 
alternative prey base to distract coyotes from pronghorn neonates. Pronghorn fawns born 






Influence of Environmental Variables on Survival Rates of Pronghorn (Antilocapra 
americana) Neonates Across Idaho 
Brett R. Panting 
 This study was completed to better understand pronghorn antelope (Antilocapra 
americana) populations found throughout Idaho. Antelope were studied in three separate 
and distinct study areas. The Big Desert, Camas Prairie, and Little Lost and Pahsimeroi 
valleys were all selected as study sites. Idaho Department of Fish and Game (IDFG) is 
concerned with current pronghorn populations found throughout Idaho. Pronghorn are a 
valued big game species found in Idaho. Increasing pronghorn populations in Idaho is a 
focus of IDFG.  
 We captured and VHF-collared pronghorn fawns found in our three study areas. 
Fawns were monitored daily with telemetry equipment for survival. Field necropsies 
were performed to determine cause of death for each fawn. We found that fawns across 
Idaho had acceptable survival rates compared to previous studies conducted on 
pronghorn. The highest cause of mortality on fawns was coyotes (Canis latrans). Other 
predators on pronghorn fawns were bobcats (Lynx rufus), golden eagles (Aquila 
chrysaetos), and black bear (Ursus americanus). We found that fawns radio-collared with 
a higher BMI (body mass index) were more likely to survive.  
 We examined other relationships that could have an effect on fawn survival. 
Rabbits (Lepus californicus, Lepus townsendii Sylvilagus nuttallii, Brachylagus 
idahoensis, Lepus americanu) and ground squirrels (Urocitellus armatus, Urocitellus 
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mollis, Urocitellus elegans, Urocitellus columbianus) were examined to see if there 
population numbers had an effect on pronghorn fawn survival. We found a relationship 
between rabbit density and fawn survival, as rabbit density increased pronghorn fawn 
survival increased. Ground squirrel density was found to have no effect. Coyote density 
was studied to see if coyote density effected pronghorn survival. No relationship was 
found between coyote density and pronghorn fawn survival.  
 Habitat quality can impact animal populations. We examined habitat variables 
that could affect pronghorn fawn survival. NDVI (normalized difference vegetation 
index) was examined and we found no correlation in this study. Pronghorn fecal samples 
were collected and analyzed at a laboratory to look for diet quality correlation to 
pronghorn survival. We found a correlation between diet quality (DAPA) and pronghorn 
fawn survival. Diet quality can be linked to habitat quality, as habitat quality increases so 
does pronghorn fawn survival. Habitat quality, rabbits, and a fawn’s BMI all were linked 
to increased fawn survival. We recommend wildlife managers create and increase 
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 Pronghorn antelope (Antilocapra americana) were historically found in large 
numbers throughout the central plains, western grasslands, and deserts of North America 
(Seton 1909, Yoakum 2004). Pronghorn are commonly viewed by the public as an iconic 
symbol of the deserts and plains of the United States, and are a valued game animal for 
hunters in many central and western states. In the state of Idaho, estimates of pronghorn 
population numbers peaked around the late 1980’s (Rachael et al. 2010). This increase in 
pronghorn abundance created problems of increased crop depredation by pronghorn on 
local farms.  Pronghorn depredation on agricultural fields led to pronghorn herds being 
heavily harvested to reduce population numbers and mitigate conflicts with agricultural 
producers (Rachael et al. 2010). Since those management actions to reduce pronghorn 
populations, Idaho has yet to see pronghorn numbers rebound to pre-1990 control levels 
(Rachael et al. 2010). Because pronghorn are viewed as a valued big game animal in 
Idaho, the state management agency, Idaho Department of Fish and Game (IDFG), has a 
strong interest in sustaining pronghorn population levels that provide hunting and 
viewing opportunities.   
Ungulate populations are generally found to have low fawn survival, high adult 
survival, and decreasing survival as adults age (Fowler 1987, Gaillard et al. 1998). 
Neonates generally are the most susceptible age class for morality among ungulates 
(Caughley 1966, Fowler 1987, Linnell et al. 1995). Population dynamics of pronghorn 
populations are variable, but survival and recruitment rates of pronghorn neonates are 
generally very low (Gregg et al. 2001, Dunbar and Giordano 2003, Seidler et al. 2014). 
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Survival rates of neonatal pronghorn are affected by a variety of factors including 
nutrition, predation, disease, and weather conditions (Beale and Smith 1973, Byers 1997). 
Because neonatal survival may be limiting the growth rate of pronghorn populations in 
the state, one of the first steps to understand why pronghorn numbers have not recovered 
to pre-1990’s levels was to examine factors influencing neonatal survival and 
recruitment. Adult survival in ungulate populations can remain stable but neonatal 
survival can be very variable and play a role in the population dynamics (Gaillard et al. 
1998).  
Predator densities have been documented to affect ungulate neonate survival 
(Linnell et al. 1995). Coyotes (Canis latrans) can have a large impact on pronghorn 
neonates and have been documented to account for upwards of 75% of predation-caused 
mortality on fawns (Gerlach and Vaughan 1990, Berger and Conner 2008, White et al. 
2009). Coyotes are known to be generalist predators and consume a large variety of prey 
species (Young and Jackson 1951, Bekoff 1977, Prugh 2005). Neonates are available 
only within a very short window following birth, so alternative prey are generally the 
focus of predators. Alternative prey densities have been shown to affect neonatal survival 
in several ungulate neonates including mule deer (Odocoileus hemionus, Hamlin et al. 
1984) and caribou calves (Rangifer tarandus, Bergerud 1983). Similarly in pronghorn 
neonates, alternative prey density has been shown to impact survival (Beale 1986).  
The nutritional levels of the female immediately before parturition can influence 
neonatal survival, and reflects the quality of habitat available to the doe during gestation 
(0’Gara 2004). Pronghorn diet quality can be measured using fecal analysis and can assist 
wildlife managers in determining pronghorn density (Yoakum 2004). Two of the most 
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common fecal measures are 2,6 diaminopimelic acid (DAPA) and fecal nitrogen (Leslie 
et al 2010, Osborn and Ginnett 2001). Both have been used to study pronghorn in 
captivity (Robinson and Byers 2001) and free-ranging populations (Dennehy 2001, 
Hansen et al. 2001). DAPA is an amino acid residue as a result of rumen bacteria 
fermentation. Levels of DAPA changes as diet quality increases, with bacterial increases 
resulting in higher DAPA values (Dennehy 2001). Fecal nitrogen is the measure of 
nitrogen levels from undigested forage and is correlated to diet quality of ungulates 
(Wehausen 1995, Smyser et al. 2005). DAPA is viewed as a stronger indicator of 
habitat/diet quality as it doesn’t artificial inflated with plant defense compounds 
(Yoakum 2004). We examined whether the levels of DAPA and fecal nitrogen in fecal 
samples of pronghorn influenced survival rates of their fawns.  
Pronghorn antelope select forbs when they are available (Dirschl 1963, Beale and 
Smith 1970). Remote sensing has recently allowed for the incorporation of vegetation 
indices as indictors of habitat quality into wildlife conservation and research (Pettorelli 
et al. 2011). We examined measures of NDVI (normalized difference vegetation index) 
as another environmental variable influencing the survival of pronghorn fawns. NDVI is 
the normalized reflectance difference between the visible red bands and the near infrared 
(Rouse et al. 1974, Tucker 1979). NDVI can remotely track vegetative quality and 
production throughout a growing season (Pettorelli et al. 2005, 2011).  
Pronghorn neonatal survival has been studied in the past (Autenreith and Fitcher 
1975, Beale and Smith 1973, Gregg et al. 2001, Wiseman et al. 2006, Jacques et al. 
2007). We compared survival rates and various factors influencing fawn survival among 
different study sites to examine how a gradient of landscape differences across the state 
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may effect neonate survival. We examined different environmental variables that could 
influence survival of these fawns, including predator abundance, abundance of alternative 
prey, and different surrogates of habitat quality.  For this study we radio-collared neonate 
pronghorn fawns (<3 days old) and monitored their survival rates and cause-specific 
mortality in three study sites throughout Idaho. These three study sites were considered to 
vary in the trajectory of the local pronghorn population: increasing, decreasing, and 
stationary. In addition to determining fawn survival rates, we examined various factors 
that may be responsible for influencing neonatal survival: predator abundance, abundance 
of alternative prey (mainly lagomorphs and ground squirrels), nutritional condition of the 
female pronghorn (DAPA, fecal nitrogen) as a surrogate of potential habitat quality, and 
plant productivity (i.e., NDVI). Our primary research questions included: (1) is there 
difference in pronghorn neonate survival across the different study sites? (2) What factors 
are affecting neonatal survival across Idaho: relative predator abundance, alternative prey 
abundance, habitat quality (fecal samples and NDVI)? This study will increase our 
understanding of factors influencing fawn survival in three pronghorn populations in 
Idaho. If the pronghorn populations are being curtailed by limited neonate survival, we 






We conducted this study in three different areas across Idaho (Fig. 1). The first 
site, the Big Desert area, (3,232 km2) was located within IDFG’s Game Management 
Unit (GMU) 68 (Fig. 2). The Big Desert pronghorn herd was considered to be declining 
and were found between 1395-1778 m elevation in the study area. The topography was 
variable with rolling lava ridges, grass valleys and sagebrush (Artemisia spp.) draws. 
Pronghorn tend to be found in sagebrush and grasslands containing both native 
(Achnatherum hymenoides, Hesperostipa comate) and exotic grasses (Bromus tectorum). 
There was a significant portion of invasive exotic grasses that were believed to reduce 
habitat quality in the study area. At the eastern edge of the study area, agricultural fields 
were present, and a few of the radio-collared fawns shifted to this area in the fall. During 
the winters of our study, pronghorn either move to the north (~ 64 km) or the eastern 
edge of the study area. The average annual precipitation was 23.31 cm and annual 
snowfall reached 63.5 cm (www.usclimatedata.com).  Land ownership was 73% Bureau 
of Land Management (BLM), 25% private land, and the remaining 2% was split between 
the National Park Service and state owned.  
Camas Prairie was our smallest study site (1,008 km2) and was located within 
GMU’s 44 and 45 (Fig. 3) and consisted mostly of private property. The Camas Prairie 
pronghorn herd was considered to be slightly increasing and lived almost exclusively in 
agriculture fields and surrounding riparian areas throughout the spring, summer and fall. 
Pronghorn were found between 1525 and 1589 m elevation. Pronghorn moved to the 
south (~32 km) or the east (~ 48 km) during the winter. All pronghorn migrated from the 
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study area for the winter. Agricultural fields mostly consisted of alfalfa (Medicago 
sativa), wheat (Triticum spp.), and irrigated grass (Poaceae spp.) The topography was 
consistently flat. The annual precipitation averaged 33.8 cm and 104.4 cm averaged 
annual snowfall (www.usclimatedata.com). Land ownership was 97% private land with 
the remaining split between State, United States Forest Service (USFS), and BLM 
ground.  
The Little Lost/Pahsimeroi (LLPH) study site (1442 km2)  was located within 
GMU’s 37, 37A, and 51 (Fig. 4) and consisted of high mountain native habitat, with most 
of the habitat used by pronghorn consisting of sagebrush flats and hillsides accompanied 
with creek bottoms. The topography was variable between high mountain peaks, flowing 
creek bottoms, and sagebrush and grass valleys (Psuedoroegneria spicata). The LLPH 
pronghorn population was thought to be stationary and were found between 1891-2992 m 
elevation in the study area. Pronghorn moved to the southern edge and north edges of the 
study area during winter. The annual rainfall averaged 21.9 cm and averaged 40.6 cm 
annual snowfall (www.usclimatedata.com). Land ownership was 78% BLM, 22.5% 





Capture and Handling 
 We observed pronghorn does suspected to be nursing newborn fawns using 
spotting scopes and binoculars from long distances. Once a neonate was observed, we 
used radio contact and hand signals to direct teams into a fawn’s location. Some fawns 
were found with grid searches after evidence was seen that they were in the area. These 
grid searches were not nearly as successful as actual visual observations. Teams used 
large fishing nets to place over neonates when we were within 2-3 m of the fawn. We 
then blindfolded the fawn blindfolded for processing. During the radio-collaring process 
we wore rubber gloves and long-sleeve shirts to prevent scent transfer to the fawns. We 
placed neonates in mesh bags to be processed. Fawns were sexed, weighed, measured 
(chest girth, hind foot, hoof hairline), and aged using hair condition, umbilicus condition, 
and hoof condition (Autenrieth and Fichter 1975). We fitted fawns with expandable VHF 
radio-collars (Advanced Telemetry Systems, Isanti, Minnesota). We reduced additional 
slack in the fawn collars with rubber bands used as pleating. Radio-collars were equipped 
with a 4-hour mortality switch and weighed 92 g. 
 
Telemetry 
 We located radio-collared neonates daily (Camas Prairie fawns were located bi-
daily) for 3 to 4 months with ground telemetry. We located fawns using 3-element Yagi 
antennas and omni mounted truck antennas attached to portable receivers 
(Communications Specialists, Inc., Orange, California). We used occasional aerial flights 
to locate missing fawns. If we detected a mortality signal, we located the fawn 
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immediately and performed a necropsy. We performed necropsies in the field, unless we 
found a whole carcass. Whole carcasses were collected, frozen, and sent to a diagnostic 
lab for a full necropsy (Idaho Wildlife Health Lab, Eagle, Idaho). We collected DNA 
swabs to help determine unknown causes of mortality (but we had no success with DNA 
identification of predators). 
 
Surveys 
 We conducted surveys in all three study areas including predator scent-station 
surveys (Linhart and Knowlton 1975), lagomorph spotlight surveys, and ground squirrel 
surveys. All surveys were conducted on 4 5-km transects based on roads and randomly 
selected in each study area. The same 4 5-km transects were used for all the surveys 
during both years of the study.  
 We estimated an index of relative predator abundance (hereafter “abundance”) 
using scent-post stations following the methods of Linhart and Knowlton (1975). We 
placed scent stations every 0.5 km along the 5 km transects giving 11 stations on every 
transect. Every station had a 1-m circle of leveled, sifted dirt containing a scented 
predator disc (Pocatello Supply Depot, Pocatello, Idaho) in the center. We examined 
scent stations daily for 3 consecutive days (weather permitting) for predator tracks. We 
conducted surveys once during the year, after we were done collaring fawns, to examine 
predator levels when fawns were the most vulnerable. Tracks of coyotes and bobcats 
(Lynx rufus) were the primary focus. We also recorded grey wolves (C. lupus), and 
multiple other species of rabbits, birds, and rodents. We estimated relative predator 
abundance as the visitation rate of each transect. We determined predator abundance for 
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each study site, as well as the individual transect. Predator abundance was used in the 
survival model at the study site level, closest transect level (fawns were assigned the 
closest transect based on their birth site location), and a random transect level using a 
random value within the standard deviation of the estimated predator abundance for that 
transect.  
We estimated an index of relative lagomorph abundance (hereafter “abundance”) 
using spotlight surveys (Smith and Nydegger 1985, Norbury and McGlinchy 1996, Caley 
and Morley 2002). We completed spotlight surveys on 3 consecutive nights (weather 
permitting) along the same four 5-km transects used for the other surveys. We totaled 
rabbit numbers every km during the survey. We counted four different species of rabbits 
including black-tailed jackrabbits (Lepus californicus), white-tailed jackrabbits (Lepus 
townsendii), mountain cottontail (Sylvilagus nuttallii), pygmy rabbits (Brachylagus 
idahoensis), and a few snowshoe hares (Lepus americanus). We initiated lagomorph 
surveys during the onset of a new moon for 3 consecutive nights. We started surveys 30 
minutes after dark and ran until all transects had been completed. We wired spotlights (1-
million candlepower) directly to the battery of a truck. Two observers, each with a 
spotlight, stood in the back of the truck and spotlighted each side of the truck. The 
observers were ~2 m above ground level with the spotlights. A third observer drove the 
truck at 16 kmph. All rabbits ≤50 m of the truck were identified and recorded; we found 
that most all of the rabbits that were spotted were ≤50 m. We totaled the number of 
rabbits and determined abundance as rabbits/5-km for each transect. Lagomorph 
abundance was used in the survival model at the study site level, closest transect level 
(fawns were assigned the closest transect based on their birth site location), and a random 
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transect level using a random value within the standard deviation of the estimated 
lagomorph abundance for that transect. 
We estimated an index of relative ground squirrel abundance (hereafter 
“abundance”) using visual ground counts. We conducted the surveys on 3 consecutive 
days (surveys were not conducted on days with high winds or bad weather) along the 
same four 5-km transects used for the other surveys. We totaled ground squirrel numbers 
every km during the survey. Squirrels counted in our surveys included several different 
species including Uinta ground squirrels (Urocitellus armatus), Piute ground squirrels 
(Urocitellus mollis), Wyoming ground squirrels (Urocitellus elegans), and Columbian 
ground squirrels (Urocitellus columbianus). Yellow-bellied marmots (Marmota 
flaviventris) were also counted if they were seen along the transect. Squirrels were 
counted by 2 different observers driving about 16 kmph along each 5-km transect route. 
Squirrels seen ≤50 m of the truck were counted; every squirrel was called out upon 
sighting to avoid over-counting. We totaled the number of squirrels along each transect 
and came up with an estimate of ground squirrel abundance per 5-km transect. Ground 
squirrel abundance was used in the survival model at the study site level, closest transect 
level (fawns were assigned the closest transect based on their birth site location), and a 
random transect level using a random value within the standard deviation of the estimated 
ground squirrel abundance for that transect. 
 
Habitat Quality via Fecal Collection 
We collected fecal samples to assess habitat quality on the different study sites. 
The nutritional condition of the female immediately before parturition can influence 
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neonatal survival, and often reflects the quality of habitat available to the doe during 
gestation. Pronghorn diet quality can be measured using fecal analysis (Yoakum 2004). 
The most two common fecal measures are 2,6 diaminopimelic acid (DAPA) and fecal 
nitrogen (Leslie et al 1989, Osborn and Ginnett 2001). Both have been used to study 
pronghorn in captivity (Robinson and Byers 2001) and free-ranging populations 
(Dennehy 2001, Hansen et al. 2001, Smyser 2008). DAPA is an amino acid residue 
resulting from rumen bacteria fermentation. DAPA levels increase as diet quality 
increases, with bacterial increases resulting in higher DAPA values (Dennehy 2001). 
Fecal nitrogen is the measure of nitrogen levels from undigested forage and is correlated 
to diet quality of ungulates (Wehausen 1995).  
We collected fecal samples at a site-wide level during late July through early 
August. We only collected samples from adult females, as fawn survival would not be 
influenced by male nutritional condition. We observed pronghorn does from a distance 
using spotting scopes and binoculars. Locations were marked when does were observed 
to deposit feces and fecal samples were collected when the doe moved away from that 
location. We collected ~50 samples from each study area per year. Collected samples 
were frozen and sent for analysis (Washington State University Wildlife Habitat and 
Nutrition Lab, Pullman, Washington) for fecal nitrogen (FN) and fecal 2,6-
diaminopimelic acid (DAPA). Values of fecal nitrogen and DAPA were averaged across 




Habitat Quality via NDVI 
 We examined measures of NDVI as another environmental variable possibly 
influencing the survival of pronghorn fawns. NDVI is the normalized reflectance 
difference between the visible red bands and the near infrared (Rouse et al. 1974, Tucker 
1979). NDVI can remotely track vegetative quality and production throughout a growing 
season (Pettorelli et al. 2005, Pettorelli et al. 2011).  We collected NDVI values from the 
USGS EROS datacenter eMODIS program on a 7-day interval 
(https://phenology.cr.usgs.gov/index.php). Weekly time series were collected and 
organized from 26 Feb 2000 to 3 Mar 2017. The NDVI data was then formatted and 
entered into a time series analysis for the purposes of cleaning the data of atmospheric 
anomalies (i.e., clouds and smoke which decrease NDVI values measured from satellite 
imagery) using a double logistic fitting algorithm (Bischof et al. 2012, Aikens et al. 2017, 
Mysterud et al. 2017) using TimeSat 3.3 software 
(http://web.nateko.lu.se/timesat/timesat.asp). A base value of zero is used to ‘floor’ 
winter NDVI values (meaning that time series corrected values would not go below zero). 
Once the double log regression fitting algorithms were completed, the appropriate weekly 
NDVI images were reformatted onto a geographic information system.  
We collected NDVI values during 2 different phases: pre-parturition and post-
parturition. Pronghorn does have a long gestation period (8.4 months), but half of a 
fawn’s weight is gained during the last month of pregnancy (O’Gara 2004). While that 
weight is gained by fawns, plant productivity (i.e., as measured with NDVI) could have a 
major influence on a fawn’s birth weight during the pre-parturition period, and thus effect 
fawn survival. We also examined NDVI measures during post-parturition to determine if 
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there was a vegetative concealment component or increased milk production (i.e., 
lactation) associated with fawn survival. First, we calculated the average parturition date 
for each study site. We then used this date to determine which four weeks of NDVI data 
to generate and use for the pre- and post-parturition NDVI values for each fawn. We 
created a 1-km buffer around each fawn’s birth site. We then used weekly NDVI values 
within the birth site buffer, averaged the NDVI values for the buffered area, and then 
added the four weeks sum to get total productivity (NDVI) for each fawn during the pre- 
and post-parturition periods. 
 
Data Analysis 
We used the “Known Fate” option found in Program MARK (White and 
Burnham 1999) to estimate survival rates of the radio-collared pronghorn fawns. Program 
MARK is an extension of the Kaplan-Meier model (Kaplan and Meier 1958) and allows 
staggered entry and exit of fawns (Pollock et al. 1989). Fawn survival was estimated in 8 
bi-weekly intervals. Fawns were assigned as alive or dead for each survival period; fawns 
that could not be located during monitoring were censored. 
Neonatal ungulates are generally radio-collared as siblings (Hamlin et al. 1984, 
Whittaker and Lindzey 1999, Cartensen et al. 2003, Jarnemo and Liberg 2005, Bishop et 
al. 2007). We radio-collared each fawn we could locate, resulting in 48.3% of the radio-
collared fawns being siblings. When sampling units, that include siblings, independence 
of sampling units can be violated (Bishop et al. 2008). We tested for overdispersion in 
our analyses on our global model. We used the data bootstrap option in Program MARK 
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(White and Burnham 1999; Bishop et al. 2008) to run 5000 simulations. To estimate 
overdispersion we used the bootstrap variance over the theoretical variance to find ĉ.  
We constructed models to assess patterns in neonatal pronghorn survival across a 
range of environmental conditions. To reduce the number of models, we analyzed models 
in a sequential process (Nichols et al. 1997, Franklin et al. 2004, Blakesley et al. 2010). 
In the first phase, we constructed models with sex, temporal (within and between year), 
and study site effects. We used the structure from the top model(s) in the first phase and 
then included individual and site environmental covariates. Individual covariates included 
fawn DAPA (each fawn was assigned an average DAPA from the 3 closest fecal 
samples), mean predator abundance for each fawn (fawns were assigned the estimated 
predator abundance from the transect closest to their birth site), and random predator 
abundance for each fawn (fawns were assigned closest transect and then a randomly 
generated number within the standard deviation for that transect). In addition, to control 
for age and size differences, we also included a body mass index (BMI) individual 
covariate, calculated for each fawn using a fawn’s weight divided by chest girth. During 
this phase, we also evaluated site covariates of pre-parturition NDVI for each site, post-
parturition NDVI for each site, mean fecal nitrogen value for each site, mean fecal DAPA 
for each site, mean predator abundance for each site, mean lagomorph abundance for the 
site, lagomorph transect average, lagomorph transect random, squirrel site wide average, 
squirrel transect average, and squirrel transect random (Table 1). For the variables of 
predator, lagomorph, and squirrel abundance, there were 3 indices of abundance (i.e., 
mean for the study site, transect average, and transect random), but only one of these 
indices was included in one model at a time. 
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After analyzing the second phase of models, we then constructed our final set of 
models using combinations of covariates contained in the top models. We used Akaike’s 
Information Criterion (AICc) and normalized AICc weights to rank the models, which 





Capture and Handling 
 We radio-collared 217 (110 females, 107 males) fawns total during the 2 fawning 
seasons of 2015 and 2016.  In 2015, we captured and radio-collared 101 (51 female, 50 
male) fawns over a 19-day period. In 2016, we captured and radio-collared 116 (59 
female, 57 male) fawns over a 21-day period. In the Camas Prairie study site, we radio-
collared 33 (15 female, 18 male) fawns in 2015 and 37 (22 female, 15 male) fawns in 
2016. At the Big Desert study site, we radio-collared 32 (17 female, 15 male) fawns in 
2015, and 40 (17 female, 23 male) in 2016. In the LLPH study site, we radio-collared 36 
(19 female, 17 male) fawns in 2015 and 39 fawns (20 female, 19 male) in 2016. 
 We spent a total of 19 days (20 May – 8 June) capturing fawns in 2015, and 21 
days capturing fawns in 2016. Average fawn capture dates in 2015 were 27 May in the 
Camas Prairie, 26 May in the Big Desert, and 25 May in the LLPH study sites.   The Big 
Desert study site had the first fawns to drop in 2016. Average fawn capture dates in 2016 
were 25 May in the Camas Prairie site, 19 May in the Big Desert site, and 23 May in the 
LLPH study site.     
 The average weight of the fawns (Table 2) at capture over the entire study was 
3.99 kg and average chest girth (Table 2) was 36.95 cm. In 2015, the average weight 
across the study areas was 3.87 kg with an average chest girth of 36.81 cm. Body 
measurements of fawns captured in the Camas Prairie and LLPH sites were identical at 
3.73 kg weight and extremely similar at 36.21 and 36.22 cm chest girth, respectively. Big 
Desert had the highest body measurements at 4.14 kg weight and 38.02 cm chest girth. In 
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2016, the average weight was 4.09 kg and 36.95 cm chest girth. Fawns in the Camas 
Prairie study site had 3.82 kg weight and 37.34 cm chest girth. Fawns in the Big Desert 
had body measurement in 2016 averaging 4.05 kg in weight and 37.45 cm chest girth. In 
2016, fawns in the LLPH study site had the highest weight at 4.39 kg, but had the 
smallest chest girth at 36.52 cm.  
 
Cause-Specific Mortality 
 Coyote predation was responsible for 61% of 2015 mortalities, followed by 
unknown mortalities (19%), unknown predation (9%), bobcat predation (5%), golden 
eagle predation (4%), and black bear predation (2%).  In the Camas Prairie in 2015, 16 of 
the 32 (50%) radio-collared fawns survived during our 4 months of daily monitoring with 
the leading cause of mortality being coyote predation (81%), while the remaining deaths 
were from unknown causes (19%).  In 2015 in the Big Desert study site, survival was 
very similar at 16 of 31 (51%) radio-collared fawns. The leading mortality cause was 
coyote predation (34%), with the remaining causes being unknown predation (33%), 
bobcat predation (20%), and unknown causes (13%). Fawns in the LLPH had the lowest 
survival of 2015 at 28%. The highest cause of mortality was coyote predation (65%), 
followed by unknown causes (23%), golden eagle predation (8%), and black bear 
predation (4%).  
 In 2016, coyote predation were again the leading cause of mortality at 56%, 
followed by unknown causes (16%), unknown predation (15%), bobcat predation (7%), 
golden eagle predation (3%), pneumonia (2%), and capture related (1%). In the Camas 
Prairie study site, 23 of the 37 (62%) fawns radio-collared survived during our 4 months 
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of daily monitoring which was an increase from the previous year. The leading mortality 
cause was coyote predation (43%), followed by unknown predation (29%), unknown 
causes (21%), and pneumonia (7%). The Big Desert study site had lower fawn survival in 
2016 at 35%. The leading cause of mortality was coyote predation (54%), followed by 
bobcat predation (19%), unknown causes (15%), and unknown predation (12%).  The 
LLPH study site stayed very stable in fawn survival in 2016 at 28%. Leading mortality 
cause was coyote predation (64%), followed by unknown causes (14%), unknown 
predation (11%), golden eagle predation (7%), and capture related (4%) (Figure 5). 
 
Predator and Prey Surveys 
 We completed 264 scent stations over 18 (3 surveys per study area per year) 
survey nights in the study to estimate relative predator abundance (Fig. 6). We started 
predator surveys immediately after fawn captures were finished in each study area around 
the first week in June. For predators, we detected coyotes, bobcats, and wolves in the 
scent-post stations. We also detected rabbits, ground squirrels, sage grouse, raptors, small 
birds, snakes, pronghorn, elk, and deer. The Big Desert study site had the highest 
estimates of relative predator abundance during both years. Coyotes were the leading 
predator found in all of the surveys. In 2015, the Big Desert study site had an average of 
1.50 coyote visits/transect (SD = 1.16), LLPH site had 0.5 coyote visits/transect (SD = 
0.79), and the Camas Prairie site came in last at 0.17 coyote visits/transect (SD = 0.39). 
In 2016, the Big Desert study site lead the way again with 2.33 coyote visits/transect (SD 
= 1.15), LLPH site had 1.33 coyote visits/transect (SD = 0.98), and the Camas Prairie site 
averaged 0.5 coyote visits/transect (SD = 1.0). Bobcats were only found in the Big Desert 
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study site in 2015 and averaged 1.0 bobcat visit/transect (SD = 1.47).  In 2016, the Big 
Desert site recorded an average of 0.08 bobcat visits/transect (SD = 0.28) and the Camas 
Prairie site averaged 0.33 bobcat visits/transect (SD = 0.49). The LLPH study site did not 
have bobcats visit any scent-post station in 2015 or 2016.   
We completed 72 spotlight survey nights to estimate relative lagomorph 
abundance and counted 626 lagomorphs (Table 3). We completed lagomorph surveys 
during the first new moon coinciding with neonate capture in all study areas. We counted 
309 lagomorphs in 2015 and 317 in 2016. Black-tailed jackrabbits were the most 
abundant lagomorph (81.5%) with 510 rabbits counted across both years. White-tailed 
jackrabbits were the second most abundant (n = 60), followed by cottontail rabbits (n = 
34), and pygmy rabbits (n = 7). The Big Desert site had the highest lagomorph abundance 
during both years. In 2015, the Big Desert site averaged 21.0 lagomorphs/transect (SD = 
15.41), followed by the LLPH site with 3.25 lagomorphs/transect (SD = 3.67), and then 
the Camas Prairie site with 1.5 lagomorphs/transect (SD = 1.83). In 2016, the Big Desert 
site averaged 21.15 lagomorphs/transect (SD = 13.65), followed by the LLPH site with 
an average of 3.17 lagomorphs/transect (SD = 4.34), and finally the Camas Prairie site 
with 2.0 lagomorphs/transect (SD = 1.80). All the study sites remained relatively 
unchanged in lagomorph abundance during both years.  
We surveyed ground squirrels on 72 days during the study (Table 3). We counted 
235 ground squirrels in 2015 and 144 in 2016. Ground squirrels surveys were competed 
during the tail end of neonate capture. The Camas Prairie site had the highest ground 
squirrel abundance for both years. In 2015, the Camas Prairie site averaged 13.75 
squirrels/transect (SD = 20.92), followed by the LLPH site with 5.83 squirrels/transect 
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(SD = 3.95). The Big Desert study site had no ground squirrels observed during surveys 
in 2015. In 2016, the Camas Prairie site averaged 6.08 ground squirrels/transect (SD = 
11.58), followed by the LLPH site with an average of 5.58 squirrels/transect (SD = 4.39), 
then the Big Desert site with an average of 0.33 squirrels/transect (SD = 0.57). 
 
Fecal Nitrogen and DAPA 
 We collected 284 fecal samples during the entire study (Fig. 7). We collected 
samples at a site wide level with only adult does fecal samples collected. We collected 
fecal samples between late July and early August in all study sites. In 2015 we collected 
134 (Big Desert: n = 50, Camas Prairie: n = 44, LLPH: n = 40) fecal samples across the 
study areas. The Camas Prairie study site had both the highest values of fecal nitrogen 
averaging 2.47% (SD = 0.43) and DAPA averaging 0.581 mg/g feces (SD = 0.15). The 
Big Desert site followed with an average fecal nitrogen of 1.99% (SD = 0.35) and DAPA 
averaging 0.459 mg/g feces (SD = 0.08). The LLPH study site had the lowest values of 
fecal nitrogen with an average of 1.71% (SD = 0.33) and DAPA averaging 0.455 mg/g 
feces (SD = 0.08).  
 In 2016 we collected 150 (50 at each site) fecal samples across the study sites. 
The Camas Prairie study site again had the highest values with an average fecal nitrogen 
of 2.41% (SD = 0.39) and DAPA averaging 0.586 mg/g feces (SD = 0.14). The Big 
Desert site had the second highest values with an average fecal nitrogen of 2.01% (SD = 
0.25) and an average DAPA value of 0.397 mg/g feces (SD = 0.06). The LLPH site had 
the lowest again in 2016 with an average fecal nitrogen of 1.69% (SD = 0.24) and an 
average DAPA of 0.392 mg/g feces (SD = 0.08). DAPA and fecal nitrogen showed a 
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correlation between study sites and years. When DAPA had higher values in a study area 
so did fecal nitrogen (Fig. 7).  
 
Survival Analysis 
 Overall annual fawn survival during 2015 and 2016 was 0.42 (SE = 0.04) and 
0.41 (SE = 0.04). The leading cause of mortality for the study was coyote predation (58% 
of all mortalities for both years and all study sites). The top model for the first set of 
univariate models influencing fawn survival rates had body-mass-index (BMI) as the 
highest covariate (Table 4). The next closest covariate to BMI was relative abundance of 
lagomorphs/transect (11.8 ΔAICc units lower than BMI). The univariate models 
indicated no strong increasing or decreasing temporal trends in survival, and no influence 
of sex on survival rates. Even with starkly different survival rates between the study sites, 
the site (group) effect was outperformed by abundance of lagomorphs, which better 
represented site differences. Overdispersion was tested and found to have ĉ levels that 
were all ≤1 indicating no issues of overdispersion in the dataset. 
 We then ran the second set of models (Table 4) using additive models that always 
included our strongest covariate BMI within those models and adding all the other 
covariates to the BMI base model. The top model contained BMI (Fig. 8), abundance of 
lagomorphs/transect (Fig. 9), and DAPA (Fig. 10) at a study site level; this top model 
explained 83.3% of the ΔAICc weight. The second best model contained the same 
covariates as the previous model but had the group (study site) effect added into it and 
added an additional 11.2% of the ΔAICc weight in our model list (Table 4). These 2 top 




We examined how various environmental factors may influence survival rates of 
neonatal pronghorn in Idaho. Neonatal survival across our study averaged 42%. Yoakum 
and O’Gara reported an average of 29% survival across 11 studies (Yoakum and O’Gara 
2004). With this rate of fawn survival, we surmised that neonate survival does not appear 
to be a limiting factor for pronghorn populations in these 3 study areas. When compared 
to previous research in the LLPH study site (Autenrieth 1982), our survival rate was 
lower than the survival rate found during that study. The other two study sites have no 
historical studies for comparison. The Camas Prairie study site had the highest survival 
during both years, which we predicted based upon the high occurrence and use of alfalfa 
fields by the local pronghorn population. These alfalfa fields are likely providing adult 
does with highly nutritious forage resulting in high birth weights of fawns and subsequent 
high fawn survival. The DAPA values we found in the Camas Prairie show this 
relationship between agriculture fields and a higher quality diet.  
 The factor most influencing neonatal survival in our study was the body mass 
index (BMI). Fawns with higher body mass generally have been found to have higher 
chances of survival in mule deer (Bishop et al. 2009, Monteith et al. 2014), white-tailed 
deer, O. virginianus (Sams et al. 1996, Carstensen et al. 2009), and moose, Alces alces 
(Keech et al. 2000). Neonates with lower birth weights were found to reduce fawn 
survival in pronghorn (Fairbanks 1993). In our study, pronghorn does in higher quality 
habitat generally produced fawns with a higher BMI. Habitat quality can be a major 
driver in many ungulate populations. As a study site, the Camas Prairie had the lowest 
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average BMI when compared with other sites and had the highest fawn survival. 
However, on the individual-level, BMI was the greatest factor influencing individual 
fawn survival rates, even though at a group level the Camas Prairie showed lower BMI. 
Pronghorn fawns gain half of their body mass during the last month of gestation 
(O’Gara 2004). Habitat quality can directly influence survival of fawns expressed 
through BMI (O’Gara 2004). Therefore, pronghorn does found in a higher quality habitat 
the month leading up to parturition could experience increased survival of their neonatal 
offspring. This influence was confirmed with the higher DAPA values, collected in 
August, also being a factor in fawn survival. The DAPA values that we sampled in 
August could be different from May and June DAPA values. It would have been valuable 
to have exact pre-parturition location of does that gave birth to fawns we radio-collared. 
Our study areas populations have different migrations patterns and it might not have been 
accurate to assume a blanket statement about pre-parturition NDVI locations. With GPS-
collared does we would be able to analysis that relationship much more accurately. 
One factor we did not examine was winter severity. Does that come out of a hard 
winter in lower nutritional condition may put more energy into restoring their body more 
than applying that energy to their offspring (Bodie 1979). Pronghorn does exiting a 
previous winter in poor body condition have a higher chance of mortality during the 
summer (Reinking et al. 2018). Thus, previous winter conditions could have an effect on 
neonate survival. It would have been an added benefit to have GPS-collared does that we 
could examine their winter range and examine its relationship to neonate survival. 
However, we believe the fawns we captured and monitored were not affected by winter 
severity, as both winters before the study were mild winters.   
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We did not find pre- or post-parturition values of NDVI to influence fawn 
survival. Pronghorn are very selective foragers (Yoakum 1990) and likely select forbs 
and herbs at a very fine scale. Our NDVI imagery was at a resolution of 250 m and that 
coarse of resolution would not portray the fine level of plant selection for pronghorn; a 
similar hypothesis was posited to explain the lack of relationship between NDVI and 
survival of Sierra Nevada bighorn sheep (Conner et al. 2018). Pronghorn also select for 
high quality forage (Mitchell 1980, Yoakum 1990, Yoakum 2004) and possibly, they 
select for small forbs in a sea of sagebrush, which may render NDVI an inaccurate 
measure of plant productivity for pronghorn. Recent literature has found that pronghorn 
selected for areas containing low NDVI values (Christie et al. 2017), although fawn/doe 
ratios were correlated with NDVI. We examined possible a relationships between NDVI 
and DAPA, fecal nitrogen, neonate birth weight, lagomorphs, and squirrels. Although we 
had a limited sample size, we found a relationship between DAPA and NDVI (Fig. 11).  
Future research should examine the relationship between DAPA and NDVI with larger 
sample sizes and more frequent, concurrent sampling. If there is a high correlation 
between DAPA and NDVI, then remotely acquired NDVI could be rapidly and easily 
obtained compared to DAPA values acquired from fecal sampling. The relationship 
between NDVI and fecal nitrogen was consistent with DAPA relationship, which is 
expected (Fig. 12).  Birth weight and NDVI had a weaker relationship (Fig. 13). 
Lagomorphs and NDVI had slight relationship (Fig. 14). Ground squirrels and NDVI had 
a slight relationship (Fig. 15).    
We found that DAPA values were related to neonatal survival in our study. High 
DAPA values can be linked to high quality pronghorn habitat (Miller and Drake 2003, 
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Smyser 2008). Pronghorn does feeding on lower nutritional quality forage can result in 
lower neonatal birth weights, which in turn can directly influence neonate survival 
(Robbins 1983, Miller and Drake 2003). Nutritional differences in fecal analysis have 
been demonstrated to have an influence on pronghorn fawns survival (Smyser 2008). 
With the influence of DAPA on fawn survival, it may be possible to use DAPA as an 
indirect means to monitor pronghorn fawn survival. Our DAPA data was only at a study 
site level and when we tried relating individual fawns to nearby DAPA samples, we did 
not have sample collections distributed broadly enough to be directly related back to 
individual fawns. Further studies would benefit from collecting DAPA samples near 
radio-collared neonates, allowing the DAPA results to be centered around an individual 
and not at the group effect. Multiple samples that vary temporally across seasons could 
also be informative to monitor changes in nutrition.  
We did not find that predator abundance influenced survival rates of the 
pronghorn fawns. Predators can have a major impact on neonatal survival (Gerlach and 
Vaughan 1990, Berger and Connor 2008, White et al. 2009). In our study, coyotes were 
the leading predator of fawns. Coyote removal has been shown to increase fawn survival 
(Phillips and White 2003, Smith et al. 1986). Coyotes can be a significant predator on 
neonatal pronghorn, with some studies finding coyote mortality being compensatory to 
other causes (Pyrah 1987, Kohlmann 1999, Danvir 2000). Coyote removal to enhance 
pronghorn fawn survival has not been conducted at a large-scale, such as at a 
management unit level, while also examining a suite of variables including climate and 
alternative prey. In a study in southeastern Idaho, coyote removal did not affect mule deer 
populations (Hurley et al. 2011). 
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Concerning pronghorn-coyote interactions, Lee et al. (1998) stated “Predators kill 
pronghorn, especially fawns, but predation is only one of many factors that influence 
pronghorn population trends. Predator control is not a panacea to be applied whenever 
pronghorn populations are lower than desired. Predator control seldom is intensive 
enough to actually control predators (Hurley et al. 2011). Each herd of pronghorn is 
governed by control endemic to that herd and the habitat in which it lives. The quantity 
and quality of habitat in which a pronghorn lives is the overriding influence on all 
inimical factors, including predation”. One of our study sites did contain wolves, which 
can impact coyotes predation rates on pronghorn (Berger et al. 2008).  One wolf that was 
killed in the Little Lost/Pahsimeroi study site was necropsied and found to have 
pronghorn in its stomach contents. Wolves could be a factor in pronghorn predation that 
should be considered in future studies. On our study, coyote abundance was not an 
influence on fawn survival.  Also, while coyotes do kill fawns, compensatory mortality 
must be considered.  
On our study, lagomorph abundance was a significant influence on fawn survival 
rates with increased fawn survival related to increased lagomorph abundance. A previous 
study found that rabbit densities did not have an influence on fawn survival (Seidler et al. 
2014).  Predators with high amounts of alternative prey, in our case lagomorphs, are less 
likely to kill fawns. Predators may be satiated with alternative prey during periods when 
lagomorphs are abundant, thereby buffering coyote predation during a neonate’s 
vulnerable time (Hamlin et al. 1984, Berger et al. 2008). Lagomorphs can have 
population cycles throughout the intermountain west (Knowlton and Gese 1995, Stoddart 
et al. 2001) and how these cycles influence fawn survival is presently unknown but our 
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results indicate alternate prey can have a buffering influence on fawn survival. During 
our study, we believed we might have been in the peak of a lagomorph population cycle. 
It would have been very beneficial to have another year of data after the lagomorph 
densities dropped. It would be of benefit to this study if we had been able to sample 
microtine abundance in each of the study sites and see how that related to neonatal 
survival. 
We found two direction forces driving neonate pronghorn populations in our 
study. We found both bottom-up forces and top-down forces affecting survival in this 
study. BMI and DAPA are both bottom-up forces that have an effect on neonates.  
Lagomorph abundance might have been acting as a buffer to reduce coyote predation on 
pronghorn fawns as a top-down force. Usually a system is either a top down or bottom up 
system. We have found in our research that both systems work simultaneously together 
on pronghorn neonate survival across Idaho.  
Pronghorn populations during the late 1980s and early 1990s could have been 
artificially inflated or possibly an anomaly in a “normal” pronghorn population across 
Idaho, if neonate survival is the only factor holding the population growth back. We 
found survival rates across Idaho should not be affecting population growth. It is possible 
that we need to look at other factors affecting population growth. An adult survival study 
might be needed to examine lower than normal survival. Pronghorn neonates in Idaho 
were found to be regulated by both top-down and bottom-up forces and do not appear to 





Our top model contained the variables of BMI, DAPA, and lagomorph 
abundance. BMI of neonates is likely linked to habitat quality. Pronghorn need highly 
nutritional plant species, mostly forbs, during late gestation and lactation (Yoakum 2006). 
High DAPA levels could be related to high quality habitat for pronghorn. Habitat quality 
is a major factor influencing pronghorn populations. Managers should take appropriate 
management decisions to promote high quality habitat used by pronghorn. Locating areas 
where habitat maybe be repaired or restored to higher quality habitat is something 
managers should consider if herd levels are below management objectives. Increasing 
forb densities through active planting or habitat manipulations should be a priority of 
managers. Working with private landowners and federal agencies to adopt the best 
grazing practices to increase forb densities for pronghorn needs to be a consideration. 
Over grazing by can reduce plant diversity and increase monocultures of less desirable 
plant species. Sagebrush health on rangelands should be a consideration. Sagebrush can 
create microclimates where certain forbs may thrive. Maintaining a healthy sage 
ecosystem can help increase pronghorn densities. 
Additionally, lagomorph populations are very cyclic in nature (Norrdahl 1995). 
Managing lagomorph densities to buffer pronghorn populations is not as likely for agency 
focused mostly on big game species. However, since lagomorph densities are cyclic with 
crashes and booms being inevitable, maintenance of quality habitat for pronghorn will 
likely also benefit lagomorphs, thereby adding the buffering effect of an alternative prey. 
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Promoting high quality habitat would then have a two-fold effect on pronghorn neonate 
survival. 
 Focusing on increasing pronghorn social carrying capacity in agricultural fields 
might be an option for increasing populations in certain places. Managers could work 
with local landowners and local communities, with higher pronghorn densities, to change 
people’s views of antelope from being a nuisance that eats alfalfa into a valued and 
unique large herbivore. Creating public awareness of pronghorn through outreach efforts 
might be a good avenue to pursue. Managers could also look at ways to decrease 
pronghorn depredation in agricultural fields to increase acceptance of pronghorn more on 
private lands.  
It may be possible that managers need to examine pronghorn adult survival across 
Idaho. Adult survival could be the limiting factor for population growth in Idaho. It 
would be good to further examine the relationship between DAPA and pronghorn 
populations in a study.  Pronghorn populations need future help from wildlife managers 
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TABLES AND FIGURES 
Table 1. Predictor variables hypothesized to influence survival of neonatal pronghorn, 







Fawn Body mass index BMI Individual 
Fawn Hind foot length hindfoot Individual 
Fawn Sex SexF Individual 
Temporal Year Year1 Temporal 
Temporal 2-week period t Temporal 
Site Site difference (beyond habitat variables) g Group 
Habitat Fecal nitrogen fn Group 
Habitat Fecal DAPA dapa Group 
Habitat Fawn DAPA fawndapa Individual 
Habitat Pre-parturition NDVI prendvi Individual 
Habitat Post-parturition NDVI postndvi Individual 
Environmental Predator site-wide predsite Group 
Environmental Predator transect predtran Individual 
Environmental Predator transect random predrand Individual 
Environmental Lagomorph site-wide lagosite Group 
Environmental Lagomorph transect lagotran Individual 
Environmental Lagomorph transect random lagorand Individual 
Environmental Squirrel site-wide sqlsite Group 
Environmental Squirrel transect sqltran Individual 




Table 2. Average weights and chest girths of neonatal pronghorn across the 3 study sites, 
southern Idaho, 2015-2016. 
  Big Desert Camas Prairie LL/PH 
  2015 2016 2015 2016 2015 2016 
Fawn weight (kg)      
Mean 4.2 4.1 3.7 3.8 3.7 4.4 
SD 0.8 0.8 0.5 0.8 0.7 0.5 
Min 2.9 2.8 3.0 2.5 2.5 3.5 
Max 6.9 7.1 5.1 6.2 4.9 5.7 
Chest girth (cm)      
Mean 38.1 37.5 36.2 37.3 36.2 36.5 
SD 3.2 2.7 2.4 5.1 2.7 1.9 
Min 32.0 31.0 30.7 27.0 30.5 32.0 




Table 3. Relative ground squirrel, lagomorph, and predator abundance per transect across 
the 3 study sites, southern Idaho, 2015-2016.  
    Abundance / Transect     
 Big Desert Camas Prairie LL/PH 
  2015 2016 2015 2016 2015 2016 
Ground squirrels abundance / transect    
Mean 0 0.3 13.8 6.1 5.8 5.6 
SD 0 0.7 20.9 11.6 4.0 4.4 
Range 0 0-2 0-54 0-32 0-12 1-15 
       
Lagomorph abundance / transect    
Mean 21.0 21.2 1.5 2.0 3.3 3.2 
SD 15.4 13.7 1.8 1.8 3.6 4.3 
Range 1-48 3-45 0-6 0-5 0-10 0-15 
       
Predator abundance / transect    
Mean 2.3 2.4 0.2 0.8 0.5 1.3 
SD 1.9 1.3 0.4 1.1 0.8 0.9 
Range 0-6 0-5 0-1 0-3 0-2 0-3 






Table 4. Model results examining different variables of interest and their influence on 










S(t) BMI+lagotran+dapa 644.426 0 0.833 1.000 11 622.160 
S(g+t) BMI+lagotran+dapa 648.435 4.009 0.112 0.135 13 622.067 
S(g+t) BMI+dapa 651.732 7.306 0.022 0.026 12 627.417 
S(g+t) BMI+lagotran 652.610 8.183 0.014 0.017 12 628.294 
S(g+t) 
BMI+lagotran+fawndapa 653.502 9.076 0.009 0.011 13 627.134 
S(g+t) BMI 656.350 11.924 0.002 0.003 11 634.083 
S(g+t) BMI+fawndapa 656.734 12.308 0.002 0.002 12 632.419 
S(g+t) BMI+fn 656.858 12.432 0.002 0.002 12 632.543 
S(t) BMI+lagotran+fawndapa 657.478 13.052 0.001 0.002 11 635.212 
S(g+t) BMI+SexF 657.586 13.159 0.001 0.001 12 633.270 
S(g*t) 657.654 13.228 0.001 0.001 19 618.881 
S(g+t) BMI+prendvi 658.029 13.603 0.001 0.001 12 633.714 
S(g+t) BMI+postndvi 658.358 13.932 0.001 0.001 12 634.043 
S(g+t) lagotran 663.804 19.378 0 0 11 641.537 
S(g+t) lagorand 666.540 22.114 0 0 11 644.274 
S(g+t) fn 666.836 22.410 0 0 11 644.570 
S(g+t) fawndapa 667.127 22.701 0 0 11 644.860 
S(g+t) predrand 667.225 22.799 0 0 11 644.959 
S(g+t) 667.227 22.801 0 0 10 647.006 
S(g+t) dapa 667.303 22.877 0 0 11 645.037 
S(g+t) sqlsite 667.358 22.932 0 0 11 645.092 
S(g+t) pred+lago+sqlrand 667.678 23.252 0 0 13 641.310 
S(g+t) hindfoot 667.734 23.308 0 0 11 645.467 
S(g+t) sqlrand 668.727 24.300 0 0 11 646.460 
S(g+t) Year1 669.026 24.599 0 0 11 646.759 
S(g+t) predtran 669.068 24.642 0 0 11 646.802 
S(g+t) sqlrand 669.102 24.677 0 0 11 646.836 
S(g+t) predsite 669.116 24.690 0 0 11 646.849 
S(g+t) lagosite 669.185 24.759 0 0 11 646.918 
S(g+t) postndvi 669.199 24.773 0 0 11 646.933 
S(g+t) prendvi 669.260 24.834 0 0 11 646.994 
S(g+t) SexF 669.263 24.837 0 0 11 646.996 
S(t) 682.401 37.975 0 0 8 666.257 
S(g) 723.593 79.166 0 0 3 717.569 
S(.) 744.565 100.139 0 0 1 742.561 
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Figure 1. The 3 study areas for monitoring pronghorn fawn survival in Idaho. The Camas 
Prairie is outlined in green; Little Lost/Pahsimeroi study area is outlined in blue; Big 




Figure 2. The Big Desert study area with fawn capture locations, abundance transect 























Figure 3. The Camas Prairie study area with fawn capture locations, abundance transect 





Figure 4. The Little Lost/Pahisermoi study area with fawn capture locations, abundance 















Figure 7. Average values of DAPA and percent fecal nitrogen across the 3 study sites, 





Figure 8. Survival rate of neonatal pronghorn as a function of body-mass index (BMI), 






Figure 9. Survival rate of neonatal pronghorn as a function of relative lagomorph 





Figure 10. Survival rate of neonatal pronghorn as a function of fecal DAPA values in 





Figure 11. Relationship between mean NDVI values and mean fecal DAPA values 





Figure 12. Relationship between mean NDVI values and mean fecal nitrogen values 






Figure 13. Relationship between mean NDVI values and mean birth weight values across 




Figure 14. Relationship between mean NDVI values and lagomorph relative abundance 






Figure 15. Relationship between mean NDVI values and ground squirrel relative 
abundance across the 3 study sites during 2 years of sampling, southern Idaho, 2015-
2016. 
 
